Introduction {#sec1-1}
============

Sweet substance-induced analgesia has been widely acknowledged.\[[@ref1]\] Out of all available sweetening substances, sucrose (table sugar) has great potential for routine use. Single doses reduce pain in newborns undergoing commonly performed medical procedures.\[[@ref1]\] National/international pain management guidelines accordingly promote widespread use of sucrose.\[[@ref2]\] Ingestion of sucrose for a relatively long time (14 days) has analgesic effects, potentiated by increased days of intake.\[[@ref3]\] More recent studies have used a 12-day regimen to investigate the analgesic properties of various sweetening agents.\[[@ref4]\]

The mechanism of action is thought to be mediated by the activation of endogenous opioid system through taste. There is also a role for nitric oxide (NO) pathway in pain modulation in animals and humans.\[[@ref5]\] NO also mediates the peripheral and central antinociceptive effect of analgesic compounds such as opioids.\[[@ref6]\] The NO-cyclic guanosine monophosphate (NO/cGMP) signaling pathway has also been shown to play a pivotal role in developing tolerance to opioid analgesia.\[[@ref7]\] Nevertheless, the role for NO in nociception is very complex and diverse. Both inhibitory\[[@ref8]\] and promotive\[[@ref5]\] actions of NO have been reported in nociception and pain.

The present study aims to investigate the analgesic effect of sucrose ingestion in mice and the possible involvement of the opioid receptor-mediated system and NO pathway. We used the tail flick response to thermal pain, which is mainly a spinal reflex especially when the heating slope is faster and there is a decrease in reaction time.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Animals {#sec3-1}

Male Naval Medical Research Institute (NMRI) mice weighing 20-25 g (5-6-weeks-old, Pasteur Institute of Iran) were used. Animals were housed 10 per cage in a room maintained at 22 ± 1°C with an alternating 12 h light-dark cycle starting at 7.00 am. Animals had free access to food and drinking solutions and were group housed during testing procedures. All procedures were approved and carried out in accordance with institutional guidelines for laboratory animal care and use. Each mouse was used only once.

### Treatment Groups {#sec3-2}

The animals were randomly distributed into six groups of 10 \[[Table 1](#T1){ref-type="table"}\]. The daily injections were administered between 8.00 and 10.00 am. Animals were given 12 days to adapt to the dietary conditions. Drinking solutions were measured daily to ensure that enough liquid was supplied for each animal. The animals were weighed before and after the treatment period. The weight was recorded in grams approximately 60 min prior to antinociception recording.

###### 

Treatment group regimens and mean weight of mice at baseline and after 12 days of treatment in animals treated with sucrose (*n* = 60)

![](IJPharm-45-593-g001)

### Chemicals {#sec3-3}

Sucrose (Merck, Germany) was dissolved in water to a 32% concentration and administered orally as the drinking solution in selected groups. L-NAME and naltrexone (Sigma, UK) were dissolved in sterile physiological saline and administered intraperitoneally (i.p.) at a volume of 10 and 20 mg/kg of body weight, respectively. The doses were based upon the previous studies and shown to be pharmacologically active.\[[@ref4]\]

### Assessment of Antinociception {#sec3-4}

Tail flick measurement was done using the Ugo Basile Tail Flick Unit (Ugo Basile, Comerio, Italy) based on modification of a method described originally by D'Amour and Smith (1941). The tail flick unit consisted of an infrared heat source (50 W bulb) of adjustable intensity that was set at 40 units. The infrared source focused on the lower one-third of the tail. Tail flick latency (TFL) time (in seconds) required by the mouse to reach the thermal threshold for pain and flick its tail was recorded. A cutoff of 8 s was set to avoid tissue damage. The animals were allowed to acclimatize to the experimental environment for 30 min before the tests and to the apparatus at least 2 min before eliciting a tail flick. The operator was unaware of the specific treatment group to which an animal belonged.

For each group, three baseline TFLs were taken with 5 min intervals on the day before the treatment. Antinociception testing was repeated on the last day of treatment (day 12) and 10 recordings were obtained from each mouse at minutes 0, 5, 15, 25, 35, 45, 55, 65, 75, and 90. All nociceptive tests were performed at similar times in the afternoon. Animals were weighed daily to calculate the proper amount of drug administration. The study protocol was approved by the local ethics committee of Tehran University of Medical Sciences.

### Statistical Analysis {#sec3-5}

All data are shown as mean ± standard error of the mean (SEM) of the value for corresponding parameters. Statistical comparisons between groups in each experiment were done with one-way analysis of variance (ANOVA) followed by post hoc Student-Newman-Keuls test. In cases in which only two groups were to be compared, a *t*-test was used. A *P*-value less than 0.05 was considered statistically significant. Statistical analysis was performed using commercially available software (Statistical Package for Social Sciences (SPSS) 16.0, SPSS, Chicago, IL, USA).

Results {#sec1-3}
=======

Measuring daily intake of fluid in groups receiving 32% sucrose solution showed an average sucrose consumption of 18.53 g per day for each animal. Weighing the animals before and after the treatment period showed no statistically significant difference (*P* \> 0.05) between groups either before or after receiving the treatment \[[Table 1](#T1){ref-type="table"}\]. However, all groups gained weight significantly during this period as assessed by paired samples *t*-test (*P* \< 0.001). Hence, it can be presumed that the treatment regimen had no effect on the animals in terms of weight gaining and nutrition. Weight gain had no impact on pain threshold during the experiment period since there was no significant difference between TFLs before and after the treatment (day 0 versus day 12) in the control group.

 {#sec2-2}

### Effect of Sucrose Ingestion on Tail Flick Test {#sec3-6}

The TFLs for groups receiving tap water and sucrose after 12 days of treatment were significantly different with the group ingesting sucrose solution showing higher pain thresholds at all testing times (\*\*\**P* \< 0.001). The mean TFL of the sucrose treated group was also significantly higher than that of the tap water control group (1.33 versus 0.98 s, *P* \< 0.001) \[[Figure 1](#F1){ref-type="fig"}\].

![Tail flick latency (TFL) of mice receiving water or sucrose solution (32%) for 12 days. Antinociception was recorded on the 12th day of treatment and expressed in seconds. Ten recordings were obtained for each animal at 0, 5, 15, 25, 35, 45, 55, 65, 75, and 90 min. Each point is the mean ± standard error (SE) of 10 animals. The difference between water and sucrose-treated groups is significant at \*\*\**P*\< 0.001](IJPharm-45-593-g002){#F1}

### Effect of the Long-acting Opioid Receptor Antagonist Naltrexone on Sucrose-induced Antinociception {#sec3-7}

Cotreatment with a long-acting opioid receptor antagonist (naltrexone, 20 mg/kg, i.p.) reversed the effect of sucrose ingestion (32% solution) on the latency of tail flick response (^¥^*P* \< 0.05) \[[Figure 2](#F2){ref-type="fig"}\]. TFLs of the group receiving sucrose along with naltrexone were 13% lower compared to those receiving sucrose alone. It was also observed that naltrexone (20 mg/kg) administration was not effective in the tap water treated control group (*P* \> 0.05) \[[Figure 2](#F2){ref-type="fig"}\].

![Tail flick latency (TFL) of mice receiving water or sucrose solution (32%) for 12 days along with daily intraperitoneal (i.p.) injections of L-NAME (10 mg/kg) or naltrexone (20 mg/kg). Baseline and final antinociception recordings are shown. The sucrose treated-group shows higher TFLs compared to the groups receiving tap water alone or along with L-NAME or naltrexone (\*\*\**P*\< 0.001). The group receiving sucrose and naltrexone shows higher TFLs than the group receiving water (\**P*\< 0.05) and significantly lower values than the group receiving sucrose (^¥^*P*\< 0.05)](IJPharm-45-593-g003){#F2}

### Effect of the Nonselective NOS Inhibitor on Antinociceptive Effect of Sucrose {#sec3-8}

Daily administration of L-NAME (10 mg/kg, i.p.) with sucrose (32% solution) had no significant effect on the sucrose-induced antinociception (*P* \> 0.05). L-NAME (10 mg/kg) administration was not effective in the tap water treated control group (*P* \> 0.05) \[[Figure 2](#F2){ref-type="fig"}\].

Discussion {#sec1-4}
==========

Previous studies have shown that oral administration of sucrose or glucose solutions provides safe and potentially effective analgesia for pain associated with routine invasive procedures in the newborn and possibly adults.\[[@ref9]\] In the present study, 12 day ingestion of 32% sucrose solution demonstrated an analgesic effect in mice. This analgesic effect was partially inhibited by long-acting opioid receptor antagonist naltrexone (20 mg/kg), but was unmodified by the NO synthase (NOS) inhibitor L-NAME (10 mg/kg).

Although the analgesic activity of sucrose is well-recognized, its mechanism remains to be elucidated. The possible role of opioid receptors has been investigated in various studies on different animal models. Blass, *et al*., reported that intraoral administration of sucrose nearly doubled the pain threshold in young rats in a heat withdrawal test, and this effect was reversed by the opioid receptor antagonist, naloxone.\[[@ref10]\] Naloxone also reduced the tail flick analgesic index which had been increased in adult rats feeding on a sucrose solution.\[[@ref3]\] Additionally, using a formalin test in mice, it has been found that naloxone is able to block the synergistic effects of sweeteners on morphine-induced antinociception, suggesting the involvement of endogenous opioid systems.\[[@ref11]\] On the other hand, in a clinical study aimed at clarifying the mechanism underlying the pain reducing effect of orally administered glucose, Gradin and Schollin showed that administration of an opioid antagonist did not decrease the analgesic effect of orally administered glucose given before blood sampling in newborns, hence questioning the mechanisms underlying this effect.\[[@ref12]\]

In the present study, 20 mg/kg of naltrexone significantly modified the analgesic effect of sucrose. This finding supports the hypothesis that sucrose may facilitate release of endogenous opioid peptides from neurons that may ultimately be responsible for the observed antinociceptive effect. Our results are also in line with those of Reboucas, *et al*.\[[@ref13]\] As was the case in their protocol, we used the tail flick test and administered the drugs intraperitoneally. However, we used mice instead of rats in our study. In accordance with previous findings, we observed no analgesic or hyperalgesic effects for the administration of an opioid antagonist alone.\[[@ref13][@ref14]\]

NO is an important mediator of nociception in acute\[[@ref15]\] and chronic\[[@ref5]\] pain states at both central\[[@ref16]\] and peripheral\[[@ref17]\] levels. Experimental and clinical data have demonstrated that NO is also capable of inducing analgesia.\[[@ref8]\] The L-arginine-NO pathway has been shown to play a critical role in the glutamate and N-methyl-D-aspartate (NMDA)-mediated nociceptive responses. Studies have also shown that i.p., intracerebroventricular (i.c.v.), intrathecal (i.t.), and local administration of the NOS inhibitor, N-omega-nitro-L-arginine (L-NOARG), inhibit glutamate-induced nociception. Investigating the role of aspartame on formalin test results in mice supported the hypothesis that activation of NMDA receptors could modulate pain-related behavior via a NO/cGMP-glutamate release cascade.\[[@ref4]\] L-NOARG decreased the allodynia caused by sciatic nerve ligation in a dose dependent manner and it was shown that the thermal hyperalgesia after sciatic nerve ligation is mediated by NO.\[[@ref18]\] Ferreira, *et al*. also reported that i.p. administered NOS inhibitors L-NOARG and L-NAME had no effect by themselves and thus argued that the NO/cGMP pathway has no role in the induction of thermal hyperalgesia.\[[@ref19]\]. In our study, L-NAME did not affect TFLs in mice whether administered alone or along with sucrose. This is in accordance with the results of Ferreira, *et al*. Therefore, it may be concluded that in contrast to the nociception induced by glutamate and allodynia caused by sciatic nerve ligation, the NO/cGMP pathway has no role in the induction of thermal hyperalgesia demonstrated by the tail flick test. The discrepancies may be justified by the use of different experimental pain models representing different mechanisms of nociception.

In addition, it has been observed that depending on the site of activation, the L-arginine/NO/cGMP pathway could induce opposite effects.\[[@ref20]\] Our study suggests that the analgesic effect of intraoral sucrose which was apparently exerted through the opioid receptor-mediated system was not modified by an NOS inhibitor. These findings suggest existence of different subsets of nociceptive primary sensory neurons in which NO plays different roles.

The mechanisms involved in the role of NO in modulating analgesic activities are not well understood and the discrepancies found in the existing studies might be related to differences in animal species, nociceptive stimuli, site of NO donor administration, and/or doses of the inhibitors of NO or NOS substrate used in the studies.\[[@ref21]\] We used the intraoral method for delivering sucrose due to the taste mechanism that has been proposed in analgesia induced by sweet substances. We did not assess other methods of administrating sucrose such as oral gavage and injection. We also limited the dosage of opioid antagonist and NOS inhibitor to the standard effective doses used widely in the literature. The effect of varying doses of inhibitors was not addressed and needs further investigation. Measurement of NO production in tested groups may also be helpful in this context.

Conclusions {#sec1-5}
===========

This study shows that sucrose ingestion for a relatively long period of time is associated with analgesic effect in mice which is partially mediated by the opioidergic system. We observed a reduction in the effect of sucrose on tail flick efficacy by 20 mg/kg naltrexone. In spite of prior evidence of NO mediating the antinociceptive effect of opioids,\[[@ref6]\] our results indicate that the NO/cGMP pathway has no role in the thermal nociception induced by the tail flick test in mice. We recommend further studies to evaluate the involvement of NO in nociception in other pain models. The precise mechanism by which sweetening agents interact with the opioid receptor-mediated system also needs further assessment.
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